Abstract. Accurate estimation of switching activity is very important in digital circuits. In this paper we present a comparison between the evaluation of the switching activity calculated using logic (Verilog) and electrical (HSPICE) simulators. We also study how the variation on the delay model (min, typ, max) and parasitic effects affect the number of transitions in the circuit. Results show a variable and significant overestimation of this measurement using logic simulators even when including postlayout effects. Furthermore, we show the contribution of glitches to the overall switching activity, g iving that the treatment of glitches in conventional logic simulators is the main cause of switching activity overestimation.
Introduction
Evaluating the switching activity in CMOS digital circuits is a key point to calculate its power consumption [1, 2] . In mixed-signal circuits, switching activity of the digital part creates a switching noise that is transferred to the analog part [3, 4, 5] . Furthermore, as digital circuits become faster and larger, the influence of glitches in the switching activity grows because there are more and more input collisions [6, 7, 8, 9] . Thus, evaluation of switching activity is today a major topic in the design process of both pure digital, and mixed-signal integrated circuits.
Measuring the switching activity in a digital circuit concerns three important questions: The first one is referred to determining the representative input stimuli that must be obtained in order to get an accurate estimation of the switching activity. The second one is concerned to the timing simulator. I n timing simulation of digital circuits, standard gate-level logic simulators (like Verilog [10] ) are able to handle very large circuits and they are commonly used by circuit designers. Otherwise, accurate evaluation of the switching activity is possible by using electrical simulators (like HSPICE [11] ), but these simulators are limited to rather small circuits, they spend lots of computational resources, and they are not used in a typical digital design flow. The third issue focuses on the origin of the logic transitions at the nodes of the circuit. Input changes cause two t ypes o f logic transitions: First, proper operation generates functional transitions and second, the generation and propagation of spurious transitory signal pulses (glitches) cause non-functional transitions.
The basic method to estimate the power consumption at logic levels consists in obtaining the final value of it by summing up the power contribution each node has every time it makes a transition. So, it is necessary to calculate the total number of transitions in the circuit besides the use of a power model to estimate the consumption at each node. Tools that use this method obtain an overestimation in the power consumption. In order to correct this result, new power models are proposed in [12, 13] .
In this communication, we demonstrate that the switching activity can be greatly overestimated when calculated with conventional logic simulators like Verilog. This overestimation is mainly due to an inaccurate propagation and elimination of glitches, which happens regardless the model used among those provided by the foundry, or the inclusion of postlayout information.
This contribution is organized as follows: The method used for switching activity computation applied to ISCAS'85 benchmark circuits is summarized in Section 2. Simulation results are presented and analysed in the section 3. Finally, in section 4, we draw some conclusions on switching activity evaluation.
Switching Activity Measurement Procedure
In this section, we describe a method to obtain the switching activity in a circuit. To illustrate the method the ISCAS´85 benchmark circuits are considered [14] .
As said above, we compare different measures of switching activity of a circuit using two kinds of simulators, logic and electrical. The procedures are very similar in all of the cases and a scheme of them are presented in Fig 1. We start with the description of the circuit, provided by the ISCAS´85 benchmarks document. This description must be translated to another format suitable for the design environment Design FrameWork II (DFWII) in our case [15] .
To do this translation, a software parser has been written using the PERL language [16] . The parser takes the original description of the circuit as supplied with the set of benchmarks, and produces the corresponding Verilog netlist. The parser also needs a simple mapping library which assigns the right cell for the current technology to each logic operator. In our case, circuits are implemented in a CMOS 0.35 µm technology. Once the circuit description is loaded in DFWII, we can generate HSPICE netlists in order to do electrical simulation, or run a Verilog logic simulation.
At this point, we follow three different paths, but before that, we need to study which and how many vectors of test must be applied to get an accurate and realistic evaluation of the switching activity.
Switching activity inside a circuit is highly input-pattern dependent [17] , thus, simulation results are directly related to the specific input patterns used. The two main objectives when selecting a set of input patterns are to generate an "average" switching activity and to use a number of patterns that is small enough in order to limit the cost in computational resources. The method described in the following points accomplish both objectives:
• First we run a Verilog simulation on 1000 random input patterns and get the number of transitions in the whole circuit. We have checked that for such a number of random patterns, similar switching activity is obtained (within 2%) for any set of patterns, thus, the result is an average measure of the switching activity.
• Several 1000 random vectors simulations are run, and the number of transitions per input vector calculated. The mean value of all measurements is taken as a standard value of the circuit's switching activity.
• Then, we simulate the circuit several times using only 50 random test vectors in order to find a set of input patterns that generated a number of transitions per stimuli within the 3% of the mean value previously determined. Thus, these 50 ran- Log-Count dom input patterns represent a generic input case and they are not expressly selected to get good results. These set of vectors is then used to compare the switching activity using logic and electrical simulators. In this way, we significantly reduce the computational time when running electrical simulations on medium-large sized circuits.
After the selection of the stimuli we start with the logic simulation using the timing information of each cell and the Verilog standard simulator, which uses an inertial delay model. From the results of this simulation the global number of transitions (i.e., all of the nodes in the circuit, Ntrans) is computed. To do that, we have developed a program, Log-Count, that scans the Verilog output and returns the number of logic transitions in each node, as well as the total number of transitions.
Additionally, this same procedure is done using a zero delay model for each gate in the circuit. The results of this simulation provide a measurement of the minimum switching activity required by the logic functionality of the circuit. No glitch effects are considered. We will note this result Ntrans Zero .
Another procedure considered to measure the switching activity is based on HSPICE simulation. This result is accurate and will be used as a reference in our comparison. For this purpose, we need to translate the same stimuli used before to piece-wise-linear functions for each input in the circuit. Manually translating the input vectors to PWL format is not feasible and this functionality cannot be found in the design environment. Hence, a general-purpose program that translates Verilog vectors to SPICE PWL format has been developed to generate the appropriate stimuli. These stimuli joined to the HSPICE netlist are all the necessary data for the HSPICE simulator. The files generated with these simulations are the input to a software program, Elec-Count. This program is dedicated to count the number of times each node in the circuit crosses the Vdd/2 voltage. The final result is the switching activity for the whole circuit and is noted as Ntrans HSPICE .
Finally, we want to consider the effects of routing on each node in order to have a more realistic description of the circuit. To do that, we used Silicon Ensemble tool and following an automatic process we get the layout of the circuit. From this view we obtain a new set of delay values for each node which include the wire effects and new capacities values. After that, we run another logic simulation using this new information and, following the same procedure we used before for the logic simulation, we obtain the number of logic transitions in each node, as well as the total number of transitions and called it Ntrans postlay .
3R e s u l t s
I n this section, the whole method will be applied to nine of ISCAS'85 benchmark circuits, in order to compare the switching activity obtained with logic simulation including pre and postlayout against the "intrinsic" switching activity (zero delay) and the "accurate" value obtained with HSPICE.
In Table 1 , we list the circuits selected and their complexity. For each one, the number of transitions for the simulation of 50 test vectors using Verilog considering inertial delay model (minimum, typical and maximum values) for each gate (Ntrans min , Ntrans typ , Ntrans max ), and Zero delay model (Ntrans Zero ) is shown in Table 2 . The result of the simulation under the same conditions using HSPICE (Ntrans HSPICE ) is also included. As can be seen in the table, if we compare minimum and maximum delays to the typical, the differences in the total number of transitions are less than 1%. Furthermore, in some cases, the number of transitions using minimum value for the delay is bigger than the result using maximum delays but in other cases, it happens the opposite.
In Table 3 , we represent the relative error between Ntrans typ and Ntrans HSPICE (%err ∆1-Hsp ) and the relative error between Ntrans Zero and Ntrans HSPICE (%err ZeroHsp ). As can be seen, in each example, the relative error between Ntrans typ and Ntrans HSPICE is very different. It varies between 3% for c880 and 115% for c6288. Another important conclusion can be drawn from Table 3 : when we compare Ntrans Zero to Ntrans HSPICE , we observe that a high contribution to the switching activity is due to the glitches generated and propagated inside the circuit. In all of the cases, the contribution of the glitches is between 20% and 50%, except for the case of c6288 for which this contribution is even greater than 77%. This is mainly due to the size of this circuit and specially, the high number of levels (123, [13] ) the circuit has. In order to be more realistic doing logic simulation, in the Table 4 we show the number of transitions obtained after considering the parasitic effects in each node using minimum, typical and maximum delay for the gate and we compare them to the results obtained previously, before layout. For the three values of the delay we can say that the relative deviation between pre and postlayout are not very significant, less than 10% except in the case of c2670 (11%) and the case of c6288 (13%). As we said for table 2, in some of the circuits the error is positive and in other examples is negative. After analysing the results presented in tables 2 and 4, we can conclude that the post-layout information does not improves in general the computation of the switching activity when using logic simulators.
In table 5, we present the relative error in the number of transitions after a logic simulation having used postlayout typical delays versus HSPICE simulation 1 . Generic conclusions are similar we did when we compared the results with the prelayout logic simulation ( Table 3 ). The more simple circuits (c432, c499 and c880) have a relative error is really close to the HSPICE value, but in others the difference can reach the 86% as the case of c6288. It is important to notice that there are cases in which the postlayout results are further to the reality. In effect, although c6288 decreases its relative error from 115% (prelayout) to 86% (postlayout), in the case of c2670 the change is from 16.3% (pre) to 29.6% (post) making postlayout worse than prelayout result. Then, postlayout values do not guarantee an accurate measurement of the switching activity. The results o btained in the different tables m ake us c onclude that Verilog simulation is not an appropriate way to measure the switching activity in a circuit. Specially for two main reasons, the first one because the relative error can be very high in some cases, in the case of the circuit c6288, the result is not valid at all; and the second idea to emphasise is the great variation in the percentage among the different examples that makes the results for the switching activity not reliable in comparison to HSPICE.
From these results, it can be concluded that the deviation in the power consumption estimation of a circuit obtained from logic simulators is derived from the overestimation in the switching activity. So, the way to improve this result in this kind of tools is getting a more accurate switching activity estimation through the use of new delay models with a better treatment of glitch generation and propagation [18] .
Finally, in Table 6 we show the approximate of CPU time spent in each simulation. From these results, we can point out, the well known conclusion, that electrical simulators are limited to rather small circuits because their cost is high in computational resources and CPU time. These kind of tools are restricted to critical parts of a digital circuit. Some results of switching activity estimation in digital CMOS circuits when they are measured using standard simulators has been presented. In order to be impartial, benchmark circuits has been selected as circuits under test, and random medium length stimuli have been applied. Generally, activity due to glitches (i.e., Ntrans Zero ) has a remarkable contribution (form 19% for c432 to 77% for c6288) to the overall switching activity. Thus, it can be emphasized the great importance of adequately handling the glitch generation and propagation effects by timing simulators.
When the results of standard logic simulation (Verilog) are compared to accurate data (HSPICE) (i.e. Ntrans vs. Ntrans HSPICE ), it is observed that the overestimation of the Ntrans varies appreciably, i.e. from 3% for c880 to 115% for c6288. That overestimation persists even when minimum and maximum values are used and postlayout effects are taking into account. The greatest variation between min/max is 1% and between pre and postlayout is 13%. Both deviations are much smaller than the average value of the overestimation. Hence, logic simulators are neither precise nor reliable at measuring switching activity. It is due to the fact that they are not accurate at simulating glitch propagation. 
